INTRODUCTION
The purpose of this paper is to formally name and describe fossils of cyanobacterial affinity reported by us elsewhere (Tomescu, Rothwell & Honegger, 2006) . The distinctive combination of morphology (cellular filaments embedded in significant amounts of extracellular slime), living environment (fluvial habitats) and mode of preservation (combining carbonaceous compression and cellular replacement by precipitated minerals) of these fossils sets them apart from other fossil cyanobacteria and warrants formal description as a new taxon.
MATERIAL AND METHODS

LOCALITY AND AGE
The specimens are preserved in siltstone layers of the lower Massanutten Sandstone at Passage Creek, in northern Virginia (Shenandoah County, 38°56′N, 78°18′W) . The general geological setting of the Massanutten Sandstone was discussed by Pratt, Phillips & Dennison (1978) , who also provided a map of the locality. The lower Massanutten Sandstone represents deposits of a braided fluvial system of Early Silurian (early to mid Llandovery) age (Pratt et al., 1978; Cotter, 1983) . Within the fluvial sequence, the fossiliferous siltstone layers represent overbank deposits. Depositional environments and taphonomy of the fossils in the Passage Creek biota were addressed in detail by .
MATERIAL
Fossils are preserved at Passage Creek as macroscopic carbonaceous compressions which form rich assemblages in most of the 2-to 25-cm thick siltstone partings interspersed throughout the rock unit. Most of these compressions display a variety of thalloid morphologies, but others are strap-shaped and crustose films . One of these strap-shaped compressions is the fossil specimen discussed here (Figs 1, 2 ).
TECHNIQUES
The internal structure of the macroscopic carbonaceous compression has been characterized using light and electron microscopy of fragments removed from the fossil. For light microscopy, fragments of carbonaceous material sampled from the compression (Fig. 2) were oxidized (cleared) in household-grade sodium hypochlorite solution for 9 days; the treatment rendered the coaly material of the compression translucent and amenable to transmitted light microscopy. Other fragments were cleaned of mineral matrix and inclusions in 30% hydrofluoric acid (1 h) and 40% hydrochloric acid (0.5 h), embedded in Epon-type resin (Electron Microscopy Sciences, Fort Washington, PA, USA) and sectioned on Reichert Ultracut microtomes using glass knives. For scanning electron microscopy (SEM) we used untreated fragments of the carbonaceous compression. Imaging of specimens was realized with Leaf Lumina (Leaf Systems Inc., Southboro, MA, USA) and PhotoPhase (Phase One A/S, Frederiksberg, Denmark) digital scanning cameras, using a macro-lens mounted on a Leitz Aristophot bellows camera, or using the Aristophot in conjunction with a Zeiss WL compound microscope. SEM was performed on a Hitachi S4000 field emission microscope. 
Etymology:
The specific epithet massanuttense refers to the Massanutten Sandstone (Virginia, USA) from which the fossils were collected. Stratigraphy: Mid-section of lower Massanutten Sandstone; the lower Massanutten Sandstone is stratigraphically equivalent to the more extensive Tuscarora Formation in the Appalachian Basin.
Age: Early Silurian, Llandovery, c. 440 Ma.
DESCRIPTION
Prattella massanuttense is characterized by filaments of one to several trichomes (Figs 5-7) forming macroscopic colonies agglutinated by significant amounts of amorphous extracellular polysaccharides (slime) 8, 9) . The shape of the colony is elongated, reaching 60 mm in length and 9 mm in width (Figs 1, 2). Trichomes consist of spherical crystalline aggregates of diagenetic minerals that replaced the cyanobacterial cells (Figs 9, 11) . As shown by , these crystalline aggregates consist of iron oxy-hydroxides that have replaced early diagenetic pyrite. They are interpreted as preserving the morphology of trichomes and reflecting approximately the sizes of cells that they have replaced (as discussed, e.g. by Kremer & Kazmierczak, 2005) . Trichome diameters and cell sizes are 3.1-11.2 mm (mean ± standard deviation: 6.19 ± 1.33 mm). Diameters of filaments consisting of two or more trichomes are 10.8-30.0 mm (21.17 ± 4.44 mm).
The presence of evenly distributed minute crystals around and between the cells, forming well-defined zones around many of the filaments (Fig. 10) , was discussed by as potentially reflecting the presence of a common envelope (sheath) and, thus, a multitrichomous condition of P. massanuttense filaments. This mineral precipitation pattern could be as a result of the presence of two chemically distinct domains, that inside the sheath being more favourable to mineral nucleation than that outside the sheath. However, the ultrastructural features of the colony observed in transmission electron microscopy (data not shown) do not corroborate such an interpretation.
DISCUSSION AND CONCLUSIONS TAXONOMY AND SYSTEMATICS
The systematic affinities of Prattella were discussed in detail by , who showed that the cyanobacterial nature is supported by several types of evidence: (1) a filamentous structure consisting of trichomes and embedded in a common amorphous matrix of extracellular slime; (2) the sizes of the cellular units (spheroids) and sizes and shapes of filaments, consistent with those of extant cyanobacteria; (3) the type of fossil preservation combining cell replacement by minerals and carbonaceous preservation of the more resistant extracellular slime, consistent with cyanobacterial biochemistry and taphonomy; and (4) the fluvial living/depositional environment. All of these features are entirely consistent with those of extant cyanobacteria. The presence of filaments consisting of multiple trichomes and lack of true branching of the filaments together suggest that the affinities of Prattella most likely lie with oscillatoriacean cyanobacteria (e.g. Microcoleus).
COMPARISONS
Fossil cyanobacteria are overwhelmingly preserved either as carbonaceous remains (particularly in the Precambrian) or as mineral (micritic) rinds that coated the organisms (Golubic & Knoll, 1993) . These two types of fossils correspond to the modes of preservation defined by Schopf (1975) as permineralization and, respectively, authigenic or duripartic preservation. In the particular case of filamentous cyanobacteria, permineralized specimens (e.g. Eoschizothrix; Seong-Joo & Golubic, 1998) preserve mainly the external cellular envelopes (sheaths), whereas cells and their contents are altered to various degrees or not preserved at all. As a consequence, diagnoses of taxa typified by such permineralized specimens are based on sheath characters and are idealized to different extents with respect to those characters that are not preserved. Such taxa are different from forms typified by authigenic/duripartic preservation fossils (e.g. Girvanella; Golubic & Knoll, 1993) , in which sheaths are not organically preserved. Hence, taxonomic treatments of authigenic/duripartic fossils rely on different types of characters. Thus, the mode of preservation is an integral part of the diagnoses of fossil cyanobacterial taxa.
Prattella does not fall into either of those two categories of cyanobacterial fossil preservation. At a macroscopic scale, it is preserved as a carbonaceous compression (sensu Schopf, 1975) because of the important amounts of extracellular slime secreted by the cyanobacteria. At a microscopic scale, Prattella shows preservation by diagenetic mineral replacement of cell contents. Carbonaceous compressions are rare among cyanobacteria. In this respect, Prattella would be similar to the Neoproterozoic marine compression fossils Chuaria and Tawuia if the interpretation of these two taxa as cyanobac- Fig. 7 . Uniseriate filament in a carbonaceous matrix (specimen cleared in sodium hypochlorite). OUPH 16001. Scale bar, 25 mm. Fig. 8 . Transmitted light micrograph of transverse section of a fragment from the carbonaceous compression showing gross laminar organization of the amorphous matrix and voids left by minerals that constitute the numerous filaments (removed with acids). OUPH 15996. Scale bar, 50 mm. Fig. 9 . Scanning electron microscopy (SEM) of several filaments embedded in amorphous carbonaceous matrix (most of the spheroids comprising the filaments have fallen from their moulds in the carbonaceous matrix). OUPH 16002. Scale bar, 30 mm. Fig. 10 . SEM of multiseriate filament with abundant evenly distributed crystals (e.g. arrow) filling the space between cells (or moulds of crystalline aggregates). OUPH 16002. Scale bar, 5 mm. Fig. 11 . SEM showing morphology of spheroidal crystalline aggregates comprising the filaments. OUPH 16002. Scale bar, 5 mm.
terial colonies (Sun, 1987) is confirmed. Cellular replacement of cyanobacterial cells by diagenetic minerals, including pyrite, is more widespread (e.g. Munnecke, Servais & Vachard, 2001; Kremer & Kazmierczak, 2005 ), but has not been reported previously in conjunction with macroscopic preservation as carbonaceous compressions.
Prattella is distinctive among cyanobacteria by combining two modes of fossil preservation. It is also distinctive from the point of view of its ecology, being preserved in fluvial deposits. The combination of characteristic (1) morphology (macroscopic colonies consisting of cellular filaments embedded in a common matrix of extracellular slime), (2) mode of preservation (compression and mineral replacement of cell contents) and (3) environment (continentalfreshwater/terrestrial; clearly distinguishes P. massanuttense from previously described cyanobacteria, warranting formal description of a new genus and species. Prattella massanuttense represents the oldest direct fossil evidence (c. 440 Ma) of cyanobacterial presence in strictly continental (i.e. fluvial) deposits.
CYANOBACTERIA ON CONTINENTS
Cyanobacteria are widely counted among the earliest photosynthetic residents of continental habitats and are believed to have played an important role in the colonization of land (Golubic & Campbell, 1979; Watanabe, Martini & Ohmoto, 2000; Dott, 2003) . However, direct fossil evidence in support of those hypotheses has been frustratingly meagre (Golubic & Knoll, 1993) . Until the recent discovery of the fossil material upon which the current work is based, the earliest unequivocal evidence for cyanobacteria on continents had been reported from Devonian sediments (Croft & George, 1959; Edwards & Lyon, 1983; Taylor et al., 1995; Taylor, Hass & Kerp, 1997) that were deposited at least 15-20 Ma after the initial radiation of vascular plants (Bateman et al., 1998; Edwards & Wellman, 2001; . Older fossils of prokaryotic affinities were reported by Horodyski & Knauth (1994) from Proteozoic karst-infilling deposits interpreted as continental, but their cyanobacterial nature was not thoroughly assessed.
The history of the initial colonization of land can be regarded as an evolutionary parallel to the succession seen in the establishment of extant biological soil crusts. There, cyanobacteria and algae are the first to establish and are only later followed by lichens and bryophytes (Metting, 1981; St. Clair & Johansen, 1993) ; although rarely mentioned, heterotrophic prokaryotes and fungi likely play major roles in those communities. It has been proposed by numerous authors that the initial terrestrial groundcover consisted of biological soil crust-like communities (Golubic & Campbell, 1979; Wright, 1985; Retallack, 1992) , but direct fossil evidence has been lacking previously. Indirect evidence indicates that life was already present on land already in the Proterozoic, and possibly even as early as the Archean (Campbell, 1979; Gay & Grandstaff, 1980; Rye & Holland, 2000; Watanabe et al., 2000) ; biogenic sedimentary structures reported from Proterozoic terrestrial settings (Prave, 2002) are consistent with microbial crust communities. The thalloid fossil assemblages of the lower Massanutten Sandstone are now closing this gap, albeit at its shallower reaches, by providing direct evidence for the presence of soil crust-like communities on land prior to the advent of vascular plants. Identification of cyanobacteria among these early terrestrial communities corroborates the commonly held but poorly documented view that cyanobacteria were among the initial colonizers of the terrestrial realm.
